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ABSTRACT 

Three l i n e s  of ev idence  based on d a t a  from more t h a n  4 0 0  

bo reho les  and v i b r a c o r e s  have been used t o  r e c o n s t r u c t  t h e  

e v o l u t i o n  of  t h e  b a r r i e r  i s l a n d s  d u r i n g  t h e  Holocene t ra rs -  

g r e s s i o n  i n  sou the rn  Lorig Island, N e w  York: 1) t h e  H o l v  ,ne 

t r a n s g r e s s i v e  s t r a t i g r a p h i c  framework behind t h e  prese i  

b a r r i e r s ,  2 )  t h e  s t r a t i g r a p h i c  p a t t e r n  of  the  i n n e r  shc  A ,  

and 3) the mcrFho1ogy of  t h e  now-buried LEite P l e i s t o c c n e  

The e x t e n s i v e  p r e s e r v a t i o n  of b a c k b a r r i e r  sed iments ,  & t e d  

between 7, .G00 arid 8 , 0 0 0  YBP,  on t h e  i n n e r  s h s i 2  of s o u t h e r n  Long 

Island sugijes-Ls t h a t  t h e  b a r r i e r s  have n o t  r e t r e a t e d  hy con t inu -  

ous shore face  e r o s i o n  a l o n e ,  b u t  have a l so  undargone d i s c o n t i n u o u s  

retreat by In-p lace  I1dmwning" of h a r r i e r s  and overs t x p p i n c j  of 

t h e  surf  zcnc landward Such su r f - zcne  o v e r s t e p p i n g  w u l d  have 

prevented  t h e  b a c k b a r r i e r  sediments from be ing  reworked. 

9.t i s  i n f e r r e d  t h a t  about 9 , 0 0 0  y e a r s  ago, when t h e  s e a  

s t o o d  a t  aboxt. -24m P:SL, a cha-in of b a r r i e r s  developed on t h e  

p r e s e n t  s h e l f  about  7km o f f s h o r e  of t h e  p r e s e n t  b a r r i e r s .  

The - 2 4  meter b a r r i e r  b u i l t  upward w i t h  cont inued  s e a - l e v e l  

rise u n t i l  t h e  sea reached about -15it-1 MSL, j u s t  p r i o r  t o  

7 , 0 0 0  YBP. T'he b a r r i e r s  were then overs tepped  by t h e  r a p i d l y  

r i s i n c ;  sea, and t h e  s u r f  zone ski.ppc_d 1and.ward t o  a p o s i t i o n  

abou t  21tm ofEshone ~f the p r e s e n t  s l l o re l inc .  The s u r f  zone 



Rampino - 2 

i become f i x e d  a t  t h e  s t e e p  seaward f a c e  of an  emerged remnant 

of a p o s s i b l e  mid-Wisconsinan coastal  b a r r i e r .  

A proposed s t i l l s t a n d  i n  s e a - l e v e l  r ise  a t  abou t  7 , 0 0 0  YBP, 

and marked s lowing i n  t h e  submergence ra te  t h e r e a f t e r ,  coupled  

w i t h  i n c r e a s e d  sand supply from t h e  P l e i s t o c e n e  b a r r i e r  .-.nd 

g lac ia l -outwash  d e p o s i t s ,  a l lowed t h e  new barr iers  t o  grow 

upward w i t h  t h e  r i s i n g  s e a .  During t h e  p a s t  5 , 0 0 0  t o  6 , 0 0 0  

y e a r s ,  t h e  sho re face  has  been r e t r e a t i n g  con t inuous ly .  The 

t o t a l  d i s t a n c e  or' sho re face  re t reat  has  been about  2 k i l o m e t e r s ,  

E-ridence froin soiTthern Long Is la l ld  and e l sewhere  i n  

r e g i o n s  of coastal  subs-idence i n d i c a t e s  t h a t  r a p i d  s e a - l e v e l  

r ise and low sand supply seem t o  f a v o r  t h e  overstepping of 

b a r r i e r s  by the r i s i n g  s e a ,  whereas slow rates of submergence 

apd a g r e a t e r  supply  of sand f a v c r  cont inuous  s h o r e f a c e  re- 

treat. S t a t i o n a r y  upbui ld ing ,  o r  p rograda t ion  nf b a r r i e r s  

may occur when supply of sa rd  i s  g r e a t ,  and/or submcrgencc i s  

slowed r e v e r s e d .  Morpho1 o g i c  h ighs  on t h e  p r e t r a n s g r e s s i o n  

s u r f a c e  (such as emerged b a r r i e r s )  tend t o  f i x  t h e  m i g r a t i n g  

b a r r i e r  s h o r e l i n e  d u i n g  ci t?ler shore  f a c e  r e t r e a t  o r  b a r r i e r  

"jumping". 
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IMTRODUCT ION 

Quest ions  r e g a r d i n g  t h e  o r i g i n  of b a r r i e r  i s l a n d s  have 

r ece ived  a g r e a t  d e a l  of a t t e n t i o n  i n  t h e  g e o l o g i c  l i t e r a -  

t u r e .  Three y e n e r a l  hypotheses have been advanced t o  accoun t  

f o r  t h e  , i n i t i a l  format ion  of b a r r i e r s :  1) upgrowth of sub- 

marine b a r s ;  2 )  seginenting by t i d a l  i n l e t s  of long  coastwise- 

prograded s p i t s ;  and 3 )  submergence of coas ta l  beach r i d g e s  

by a r i s i n g  sea (Schwartz,  1 9 7 1 ) .  

DeBeaumont (1845) f i r s t  sugges t ed  t h a t  bar r i . e r ' s  w e r e  

fcrrliied by th . e  upbu i ld ing  of ofLshore  b a r s  through wave 

act i -on.  L a t e r  G i l k l x t  ( 1 8 8 5 )  su.ygested t h a t  b a r r i e r s  had 

formed by t h e  growth of e longated  s p i t s  which subsequen t ly  

were breached by t i d a l  i n l e t s .  Johnson ' s  ( 1 9 1 9 )  acceptai ice  of 

deBeaumont s hypo thes i s  of subi-nari ne-bar  ~ipgrowLh l e d  

t o  t h e  gelleral adop t ion  of t h e  o f f shore -ba r  model 

( F i s h e r ,  1 9 7 3 ) .  

Sanders (1963) reopened d e b z t e  on t h e  s a b j e c t  05 

b a r r i e r  o r i g i n  by t a k i n g  issue w i t h  t h e  g e n e r a l l y  a c c e p t e d  

concept  of cont inuous  lmdward r c t r o g r e s s i o n  of b a r r i e r s  

w i t h  scbmergence as had been proposed by S h a l e r  ( 1 8 9 4 ) ,  

Davis ( 1 8 9 6 )  and Johnson ( 1 9 1 9 ) .  Sanders  argued f o r  a re- 

vival.  of t h e  concepts proposed by  G i l b e r t  (1885,  1 8 9 0 )  who 

suycjestxd t h a t  h a . r r i e r s  could be "drowned" i n  p l a c e  by a 

r j . s i n 9  sea whereby t h e  s h o r e 1  i n e  would "jump?" landward t o  

t h e  .i.nner ~ n a r y i f i  of t h e  former Lagoons. Hoyt ( 1 3 6 7 )  prc-  

s en ted  an hypo thes i s  of b a r r i e r - i s l a n d  format ian  as  a .res?idt 
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of t h e  submergence of  coastal beach r i d g e s  by a r i s i n g  sea. 

A similar mechanism had been propcsed much ear l ier  by M c G e e  

(1890) 

Evidence accumulated to  d a t e  i n d i c a t e s  t h a t  modern 

b a r r i e r s  may have been formed: by each  o f  t h e s e  mechanisms, 

e i t h e r  a l o n e  o r  i n  combination w i t h  one a n o t h e r  (Pierce and 

I Colquhoun, 1 9 7 0 ;  Schwartz,  1971; F i e l d  and Duane, 1 3 7 6 ) .  

Eowever, t h e  ev idence  suggests t h a t  t h e  mechanism of 

b a r r i e r  format ion  by of fshore-bar  emergence is n o t  r e g i o n a l l y  

s i g n i f i c a n t  ( F i s h e r ,  1973; S w i f t ,  1 9 7 5 ;  F i e l d  and Duane, 

1 9 7 6 ) .  

Pierce and Colquhoun ( 1 9 7 0 )  def i i ied two lc:iiids 02 

b a r r i e r  i s l a n d s  t 1.) primary h a r r i e r s  which form by engal-f - 
ment  of c o a s t a l  r i d g e s ;  and 2 )  secondary b a r r i e r s  whicli fc;rrn 

seaward of the p r i m u y  b a r r i e r s  th rough t h e  longshore  growth 

and l a t e r  breaching of s p i t s ,  o r  by t h e  upbuildii-!y of 

o f f s h o r e  b a r s .  Schwa-tz (1971j l a t e r  sugges ted  t h a t  secon- 

d a r y  h a r r i e r s  (breached s p i t s  or uphulil t  bars)  would develop  

du r ing  p e r i o d s  cf s t a b l e  o r  sl.owly f a l l i n g  sea l e v e l ,  where- 

a s  primary b a r r i e r s  (engulfed r i d y e s )  would. form d u r i n g  

p e r i o d s  of r i s i n g  sea level. 

Hoyt (19G7) maintained t h a t  t h e  absence of open marine-,  

beach- o r  shallow-water sediments and fauna landwarc? 02 many 

modern b a r r i e r s  on the e a s t e r n  !\loi-th American seaboard  was 

concl-usive eviclcixe t h a t  t h e s e  Ixrrj.ers d i d  riot form a s  

emerged o f f s h o r e  bars or s p i t s ,  b u t  had o r i g i n a t e d  a s  

drowned beach r i d g e s .  He sugcj-.?st~c?,, t h e r e f o r e ,  t h a t  t h e  
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key t o  d i s c o v e r i n g  t h e  mechanism of b a r r i e r  o r i g i n  w a s  i n  

a s tudy  of t h e  sed iments  beneath t h e  modern b a r r i e r - i s l a n d  

sands  and a s s o c i a t e d  backba r r i e r - l agoona l  sediments .  

--- 

Although Hoyt acknowledged t h e  p o s s i b l e  d i sp l acemen t  

of t h e  modern b a r r i e r s  Srom former p o s i t i o n s  on t h e  con- 

t i n e n t a l  s h e l f  durir ,g t h e  F l a n d r i a n  snbmergence, he doubted 

whether such b a r r i e r s  could have been main ta ined  d u r i n g  t h e  

r a p i d  e a r l y  Holocene r i s e  i n  sea l e v e l .  

However, a t  t h e  t i m e  h e  addressed  t h i s  q u e s t i o n  ( 1 9 6 7 ) ,  

few d a t a  were a v a i l a b l e  concerning submerged b a r r i e r -  and 

h a c k b a r r i e r  d e p a s i t s  ciz the c o n t i n e n t a l  s h e l f .  I t  i s  now 

e s t a b l i s h e d  t h a t  ear ly  Holocene b a r r i e r s  d i d  e x i s t  on what 

is now t h e  c o n t i n e n t s 1  shelf m d  t h a t  Lszkbar rFcr -  am2 pe r -  

haps b a r r i e r  sed iments  a r e  wide ly  p re se rved  on t h e  inrLer 

s h e l f  and shore face  off t h e  e a s t e r n  United S t a t e s  (DilLon, 

1 9 7 0 ;  FieJ-d, 1 9 7 4 ;  Sanders and Kumar, 1971;; S w i f t ,  1975; 

F ie ld -  a n d  Uuane, 1 9 7 6 ) .  Therefore, a s  r e c e n t  workers have 

p o i n t e d  o u t r  t h e  present -day  b a r r i e r s  m u s t  be d e r i v e d  from 

l a n d w a r d - r e t r e s t i n g  barriers which o r i g i n a t e d  on what i s  

now t h e  siibmerycd c o n t i n e n t a l  s h e l f  (Sznders  and Kumar I 

1975; Swi f t ,  1 9 7 5 ;  F i e l d  and m a n e ,  1 9 7 6 ) .  Although t h i s  

does n o t  solve t h e  problem of  the o r i g i n a l  format ion  of t h e  

b a r r i e r s ,  somewhere on t h e  present -day  shelf, it does i n -  

d i c a t e  tha-2 evidence . for  b a r r i e r  o r i g i n  mus t  be sea rched  

for n o t  onl-y beneath and behirzd t h e  modern b a r x i e r s ,  b u t  

a l s o  o n  the continentXL s h e l f  and s h o r e f a c e .  
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The q u e s t i o n  of b a r r i e r - i s l a n d  o r i g i n  is d i r e c t l y  

l i n k e d  t o  t h e  problems of the m i g r a t i o n  of z b a r r i e r  coast 

wi th  con t inued  submergence and t h e  m o d i f i c a t i o n  of a b a r r i e r  

coast, once i n i t i a t e d ,  by wave a c t i v i t y  and longshore  d r i f t  

( S w i f t ,  1975; Sanders  and Kumar, 1975; F i e l d  and Duane, 

1 9 7 6 ) .  I n  t h i s  case, the major q u e s t i o n s  r e g a r d i n g  bi-rriers 

are: 1) How and when d i d  t h e  b a r r i e r s  become e s t a b l i s h e d  

a t  a p a r t i c u l a r  l o c a t i o n ?  And, 2 )  IIow have ba r r i e r s  behaved 

d u r i n g  t h e  con t inued  Submergence of the e a s t e r n  North Ameri- 

can  c o a s t  ( F i e l d  and Duane, 1 9 7 6 ) 3  The answer t o  t h e s e  

q u e s t i o n s  l i e s  i n  a s t u d y  of the t r a n s g r e s s i v e  sed imen t s  

benea th  and behind  modern b a r r i e r s  t h e  depositional record 

l e f t  behind on t h e  s h e l f  by t h e  r c t x c a t i n g  barriers, and 

i n  t h e  n a t u r e  of t n e  s u r f a c e  b e i n g  t r a n s g r e s s e d  by the sea. 

I n  tile $ r e s e n t  s t u d y ,  t h e s e  t h r e e  l i n c s  of ev idence  have 

allowed a r e c o n s t r u c t i o n  of t h e  h i s t o r y  of khc barr ier  

i s l a n d s  of sou the rn  Long I s l a n d  d u r i n g  the past 9 , 0 0 0  y e a r s .  
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STRATIGRAPHY OF HOLOCEiW SEDIMENTS, 

SOUTHERU LONG ISLAXD 

The s t r a t i g r a p h y  of t h e  Holocene t r a n s g r e s s i v e  d e p o s i t s  

o f  s cu the rn  Long I s l a n d  and t h e  unde r ly ing  Upper P l e i s t o c e n e  

sequence has  been s t u d i e d  usincj d a t a  from m o r e  thar,  4 0 0  

bo reho les ,  cores, and marsh prohings  i n  t h e  b a r r i e r -  and 

o a c k b a r r i e r  areas. I n  addition.,: d a t a  from m o r e  t h a n  6 0  

v i b r a c o r e s  and numerous cont inuous s e i s m i c - r e f l e c t i o n  

(Sparker )  p r o f i l e s  w e r e  used Lo s t u d y  t h e  s t r a t i g r a p h i c  

r e l a t ionsh ips  o f  t h e  i n n e r  cont:inental  s h e l f  o f f  Long 

I s l a n d .  Locat.i:.jns ?f t h e  p r i n c i p a l  bo reho les  and c o r e s  used 

i n  t h i s  s t u d y  arc  shown i n  F i g u r e  1. De ta i l s  of t h c  Holocc?z 

h i s t o r y  of submergence and t h e  Upper P l e i s t o c e n e  s t r a t i g r d p h y  

have been d i s c u s s e d  by  t h e  a u t h o r s  e l sewhere  ( R h m p i n o ,  1978, 

1 9 7 9 ;  Rampino and Sanc?crs, i n  p r e p . ) .  The d a t a  frcm t h e s e  

bo reho les  a n d  cores have been used t o  c o n s t r u c t  t w o  

schemakic i n t e r p r e t i v e  profiles aiicl sect ions of t h e  Upper 

P l e i s t o c e n e  a.nd Holocene s t r a t i g r a p h i c  u n i t s  of s o u t h e r n  

Long I s l a n d  ( F i g u r e s  2 and 3 ) .  
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Upper P l e i s t o c e n e  S t r a t i g r a p h y  

The  Holocene t r a n s g r e s s i v e  sequence unconformably 

o v e r l i e s  d e p o s i t s  of  l a te  P l e i s t o c e n e  age .  The Holocelze/ 

PLeis tocene  c o n t a c t  was recognized on t h e  b a s i s  of l i t h o l o g y ,  

deg ree  of compaction and l i t h i f i c a t i o n ,  r ad ioca rbon  d a +  i n g ,  

s t r a t i g r a p l l i c  r e l a t ionsh i -ps ,  and t h e  ident . i f  i c a t i o n ,  i n  many 

b o r i n g s  and cores, of t h e  weathered pre-Holocene s u r f a c e .  

The dep th  of occurrence of t h e  Hol~ocene/? le i s tocene  c o n t a c t  

.in t h e  s tudy  area ranges  froiu less t h a n  -1 m e t e r  MSL i n  t h e  

marshes f r i n g i n g  nor ther r ,  Great South Say, t o  -26  metzrs  MSL 

on  t h e  i n n e r  c o n t i . n e n b 1  she l f .  The ci-lderlyir,g P l c i c t c -  

cene  u n i t s  c o n s i s t  ~f g l a c i a l  outwash and i n t e r c a l a t e d  bzck- 

b a r r i e r -  and b a r r i e r - i s l a n d  d e p o s i t s  (F ig .  3 )  . 

Two u n i t s  oC brown g l a c i a l  outwash sands  and g r a v e l s  have 

been recognized,  a I.ower outwash u n i t  ( t h e  M e r r i c k  F o r m d t . i - G r i )  

and t h e  upper outwa.sh u n i t  of sou the rn  Long Is]-and ( t h z  Bell.- 

more Formation) ,  (Rampino, 1 9 7 8  ins.; i n  p r e p a r a t i o n )  . I n t e r -  

bedded between t h e  t w o  outwash u n i t s  a r e  Upper P l e i s t o c e n e  

(mid-NisconsinaR?) b a r r i e r  and back.bai:rier d e p o s i t s ,  t h e  

Wanta.gh Formation. 

g ray ,  compact s i l t y  c l a y s  and s i l t y  san.ds of b a c k b a r r i e r  o r i g i n  

( t h e  s i i t y - c l a y  f a c i e s  of the Wantagh Formation) .. b u t  a l s o  

c o n t a i n  a l e n s  of coarse-to f ine -g ra ined  sands of  i n f e z r e d  

b a r r i e r - i s l a n d  o r i g i n  ( t h e  s a n d  fa .c j .es  of t h e  Wantagh 

Formation) t h a t  occurs beiieat-i-1 t h e  tnodcrn b a r r i e r .  

The Waii.tagl1 d e p o s i t s  cons i . s t  p r i m a r i l y  of 
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These P l e i s t o c e n e  b a r r i e r  sands  may be  d i f f e r e n t i a t e d  fron 

t h e  modern b a r r i e r  sands  by t h e i r  h i g h e r  deg ree  of compac- 

t i o n .  One rad-iocarbon d a t e  of p e a t  and s h e l l  m a t e r i a l  from 

t h e  Wantagh Formation has  y i e l d e d  a n  age of  2 8 , 1 5 0  YBP 

' ( D i e t r i c h ,  1 9 7 6 )  . These Upper P l e i s t o c e n e  u n i t s  miconform- 

a b l y  ove r l i e  d e p o s i t s  of L a t e  Cre taceous  age,  t h e  noniliarine 

Matawan Group and t h e  marine Moninouth Group of g l a u c o n i t i c  

sands  and s i l t y  c l a y  (F ig .  3 ) .  

S t r a t i g r a p h i c  r e l a t i o n s h i p s  w i t h i n  t h e  P l e i s t o c e n e  

d e p o s i t s  s u g g e s t  t h a t  dur ing  Late P l e i s t o c e n e  t i m e  (mid- 

\Visc*onsinan?) a b a r r i e r  i s l a n d  w i t h  a b a c k b a r r i e r  lagoon 

Judg ing  frcn s i m i l z r  l a t e  P le i s tozc i i e  b a r r i e r  r i d g e s  pre- 

se rved  elsewhere on the A t l a n t i c  C o a s t a l  P l a i n  (Winker 

and Howard, 1 9 7 7 ) ,  t h i s  b a r r i e r  r j-dge m a y  have o r i g i x a l l y  

reached h e i g h t s  of 5 t o  10 m e t e r s  above the a d j  d L e n t  - -7 

ltrgoonal d e p o s i t s .  I n  the  boring..; s t u d i e s  by U S ,  it is  

e v i d e n t  t h a t  t h e  o r i g i n a l  b a r r i e r  r i d g e  has been erqded 

by p rocesses  r e l a t e d  t o  mig ra t ion  of i n l e t s  i n  t h e  over- 

l y i n g  modern b a r r i e r s  ( F i g .  3 ) .  I t  i s  t h e r e f o r e  p robab le  

t h a t  t h e  morpholoqy of the s o u t h e r n  Long I s l a n d  area p r i o r  

t o  t h e  Holocene t r a n s g r e s s i o n  wzls  marked by a. Il;.near ridge 

of Upper P l e i s t o c e n e  b a r r i e r  sands p r o j e c t i n g  perhaps 1.0 

meters above the surrounding lowlands ( F i g .  4 )  - 
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Holocene Transg res s ive  S t r a t i g r a p h y  

of Southern Long I s l a n d  

The Holocene t r a n s g r e s s i v e  d e p o s i t s  benea th  and behind  

t h e  b a r r i e r  i s l a n d s  i n  s o u t h - c e n t c a l  Long I s l a n d  t a k e  t h e  f o r m  

of a seaward- th ickening  wedge, from t h i n  marsh d e p o s i t s  f r i n g -  

i n g  t h e  n o r t h e r n  or  mainland s h o r e  of t h e  lagoons,  t o  m o r e  

t h a n  3 3  feet  ( 1 0  m e E e r s )  o f  l agoona l  s i l t y  c l a y s  and back- 

b a r r i e r  sands  d i r e c t l y  behind t h e  rmdern ba r r i e r s  * These 

Hoj-ocene coas ta l  sed iments  show a v e r t i c a l -  and ho r i zon”2 l  

s e y uc nc s p G ba ce d by t l1  e mu v e I ~ C I ,  I I t (2 1 s II c c e b s i ve e ii vi I o lixi2 11 t C, 

of d e p o s i t i o n  landward and upward wi th  the F l a n d r i  a n  t ransgres-  

sion. Seaward of t h e  barr iers  t h e  t r a n s g r e s s i v e  sedimenks 

t h i n  a g a i n  (Fj-gs. 2 and 3 ) .  

The s u r f i c i a l  t r a n s g r e s s i v e  sequence on Long I s l a n d ,  

desc r ibed  from l a n d  t o  sea, is as  follows: I )  t h e  submerged 

P l e i s t o c e n e  h igh land ;  2 )  the f r i n g e  of b rack i sh -  t o  f r e s h -  

w a t e r  marsh; 3) lagoonal-margin s a l t  marsh composed p r i m a r i l y  

of - S p a r t i n a  q r s s s e s ;  4 )  cpcn-lagoonal s i l t y  c l a y s ;  5 )  Lack- 

ba r r i e r  t i d a l - . d e l t a  and washover s and  lobes; 6 )  Gackbar r i e r -  

f r i n g e  s a l t  marshes;  7 )  barrieJL-island sands  of d u n a l ,  beach- 
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I n  t h i s  way, t h e  landward sequence of h o r i z o n t a l  environments  

i s  r epea ted  i n  t h e  v e r t i c a l  s t r a t i g r a p h i c  s e c t i o n  (=Wal ther ' s  

Law) .  Changes i n  t h e  rates of submergence have been d e t e r -  

mined through rad iocarbon d a t i n g  of  basal b a c k b a r r i e r  peats 

(F ig .  5) (Rampino, 1.979; Rampino and Sanders ,  i n  p r e p . ) .  

A t y p i c a l  v e r t i c a l  sequence, a s  encountered  i n  t h e  many 

b o r i n g s  i n  t h e  b a r r i e r -  and b a c k b a r r i e r  areas of s o u t h - c e n t r a l  

Long I s l a n d  i s  shown i n  F igure  6 .  I t  shows t h a t  t h e  v e r t i c a l  

sequence encountered by t h e  drill i n c l u d e s  a l l  t h e  sed imentary  

f a c i e s  ericouiltered i n  h o r i z o n t a l  landward o l d e r  o n  t h e  prssent 

c o a s t ,  T h i s  i s  genc~-?il.ty t r u e ,  except i n  p l a c e s  where l a t e r  

i n l e t  s cour  :ias rzworksd t h e  sequence (KuInar a n d  Sanders r  1 9 7 4 ;  

Siisaan and HerDn, 1 9 7 9 ) .  

The appa ren t  absence of beach d e p o s i t s  o r  cpen-marine 

sed iments  i n  t h e  Ifolocene sequence behind the prcscnt -day  

b a r r i e r s  a rgucs  ? g a i n s t  t h e  o r i g i n  of t h e s e  b a r r i e r s  by e m e r -  

gence of  o f f s h o r e  b a r s  o r  s imple lofigshore growth of s p i t s  

(Hoyt, 1 9 6 7 ,  1 9 6 8 ) .  

The l e a d i n g  edge of t.he t r a n s g r e s s i v e  sequence i s  formsd 

by t h e  f r i n g i n g  f r e s h -  t o  sa l t -wa te r  marshes composed of Spar-  

t i n a ,  D i s t i c h l i s  and Phragmites ----- v e g e t a t i o n .  A s  submergence pro- 

g r e s s e s ,  these marsh d e p o s i t s  t r a n s g r e s s  landward over  the P l e i s -  

tocene  s u r f a c e ;  t h e  former marsh environment i s  overs tepped  by 

1agoona. l  s i l t y  c l ays  .. The l agocna l  environment is similar:-y traRc- 

g r e s s e d  by b a c k b a ~ ~ i e r - l a g o o ~ n l  sands  2nd t i d a l - d e l t a  sands ( K r a f t r  

1 9  71.: Ramp.ino 2nd  Sanders ,  i n  prep. ) . A f r i n g i n g  backba rr:.ier mzrsh 



Rampino - 1 2  

o f t e n  develops o n p r o t e c t e d  t i d a l - d e l t a  andwashover areas. T h i s  

marsh s u r f a c e  i s  subsequent ly  s izbject  t o  b u r i a l  by washover 

of b a r r i e r  sands d u r i n g  severe storms. Th i s  washover p r o c e s s ,  

coupled wi th  e r o s i o n  of t h e  sho re face ,  may l e a d  t o  a landward 

re t reat  of t h e  barrier i n  a t ank- t r ead  f a s h i o n ,  exposure o f  

b a c k b a r r i e r  sediments  on t h e  s h o r e f a c e ,  and p a r t i a l  d e s t r u c -  

t i o n  o f  t h e  Holocene d e p o s i t i o n a l  record ( F i s c h e r ,  1 9 6 1 ;  K r a f t ,  

1 9 7 1 ;  S w i f t  and o t h e r s ,  1 9 7 1 ;  S w i f t ,  1 9 7 5 ) .  However, t h e  t r a n s g r e s -  

s i o n  might i iot  be cont inuous ,  b u t  a p p a r e n t l y  c a n  occur  i n  

II jumps" * d u r i n g  p e r i o d s  of r a p i d  sea-level rise ( G i l b e r t ,  1 8 8 5 ;  

Sanders  and Kumar, 3 9 '  -3) . I n  t h i s  case, t h e  t raTisyress ive  

b a c k h r r i e r  d e p o s i t s  would n o t  be des t royed  by s h o r e f a c e  

e r o s i o n ,  and an almost complete sedimentary r e c o r d  cou ld  be 

p rese rved  on the i n n e r  c o n t i n e n t a l  s h e l f .  Sanders  and Kumar 

(1975)  have sugges ted  t h a t  i n  s o u t h e r n  Long Island, d u r i n g  the  

l a s t  8 , 0 0 0  y e a r s ,  bo th  cont inuous shoreface r e t r e a t  arid d iscon-  

t i n u o u s  'I j u n y x "  of t h e  s h o r e l i n e  have taken p l a c e .  

Holocene Depos i t s  on  t h e  Sha re face  

and Inner  She l f  

Study of a s u i t e  of v i b r a c o r e s  from t h c  Long I s l a n d  i n n e r  

s h z l f  an2 shore face ,  c o l l e c t e d  i n  dep ths  of  water r ang ing  

fr.m -16 f e e t  (-5 meters) t o  - 7 3  Teet ( - 2 3  metcrs) MSL, has  

revca lcd  t h e  p re sence  of t y p i c a l  h a c k b a r r i e r  s e d i m m t s  . 
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Lagoonal s i l t y  c l a y s ,  sa l t -marsh  p e a t ,  and g ray ,  b a c k b a r r i e r  

s ands  and s i l t y  sands  have been recovered  i n  m o r e  t h a n  f o r t y  

v i b r a c o r e s  (F ig .  7 ) .  These b a c k b a r r i e r  sed iments  e x h i b i t  a 

t y p i c a l  t r a n s g r e s s i v e  sequence of b a c k b a r r i e r  sands  o v e r l y i n g  

l agoona l  s i l t y  c l a y s  and narsh  sedimen: which i n  t u r n  over l ie  

Upper P l e i s t o c e n e  d e p o s i t s  (Rampino and Sanders ,  i n  p rep .  ) . 

A g e n e r a l i z e d  v e r t i c a l  succesz ion  of t h e  Upper P l e i s t o c e n e  

s b r a t i g r a p h i c  u r , i t s  of the south-central .  Long Is lanG i n n e r  s h e l f ,  

c o n s t r n c t e d  us ing  d a t a  from the v i b r a c o r e s  examined i n  t h i s  

s t u d y ,  is siicjwn i n  F i g u r e  8.  I r i  t he  v i b r x o r e s  s t u d i e d ,  a 

usun?,y t h i n  ( 0  t o  3 -wters )  l a y e r  Gf modcirn, reworked s l~e l - f  

sand ( t h e  a b c l f  s u r f i c i a l .  sand sheet  of S s r i f t ,  19681, t a k i n g  

the i'orm of a series of ridges and swales, over l j -cs  thc bzck- 

ba.xri.er l agoonal  d e p o s i t s  T h e  s u r f i c i a l  s h e l f  s ands  are  

usually s e p a r a t e d  from t h e  under ly ing  h a c k b a r r i e r  sedirr,ents b y  

an e r o s i o n a l  unconformity The o f f s h o r e  sed iments  diuect1.y 

o i ~ c i  lit. t h e  bzckbarrj-er sedimexi ts w i t h  no i n t e r v e n i n g  b z x r i e r  

deposits. 

The backbar r ie r - lagoonal  sequence p rese rved  on t h e  Long 

Island s h e l f  v a r i e s  i n  t h i ckness  from 0 to more t h a n  8 meters. 

These h a c k b a r r i e r  sediments  have been da ted  i n  t h e  p r e s e n t  study 

.in I;wo vihu-acores ai-. b e t w e e n  7 ,000  to 8,000 YBP ( F i g .  5)  (Rain- 

p i n o ,  1 9 7 9 )  . Simi lar -age  b a c k b a r r i e r  d e p o s i t s  have been 

recovered  i n  cores f ;-om comparable depths on t h e  shorefz.ce aiid 

i n n e r  s k e l f  off' southern Long I s l a n d  (Kurnar, 1 9 7 3 ;  Sanders  a n d  
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Kumar, 1975; D i e t r i c h ,  1976; N i l l i a m s ,  1 9 7 6 ;  Rampino, 19791, 

and. from o t h e r  areas of t h e  middle A t l a n t i c  Bight (Swift, 

1975; F i e l d  and Duane, 1976) .  

The b a c k b a r r i e r  sequence has been s o m e w h a t  eroded i n  t h e  

p r e s e n t  nea r shore  zone; i n  many v i b r a c o r e s  , t h e  b a c k b a r r i e r  

sands i n  t h e  upper p a r t  of t h e  sequence are t h i n .  However, 

soinc core s e c t i o n s  p r e s e r v e  a.Lmost t h e  e n t i r e  t r a n s g r e s s i v e  

seqxencc of S a c k b a r r i e r  d e p o s i t s ;  t h e s e  sequences cou ld  n o t  

have undergone l a r g e - s c a l e  e ros ion .  I t  i s  d i f f i c u l t  t o  recmn- 

c i l e  t h e  p r e s e r v a t i o n  of  thE:se deposits w i t h  t h e  i d e a  t h a t  

the sho;:eface has r e t r e a t e d  by contj.nucjus erosion 2nd washlc?ver 

I f  the hr-aker m n s  had passed conti.nuonsly a c r o s s  t h e s e  

lagoonal  d e p o s i t s  I t hey  shou1.d have heen a l m o s t  e n t i r e l y  re- 

worked (Swi f t ,  1 9 6 8 ;  Swift and c~C;bers, 1 9 7 1 ;  S w i - C t r  7.975). 
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THE EVOLUTION O F  BARRIERS AND PRESERVATION O F  THE 

TRANSGRESSIVE SEQUENCE ON THE INNER SHELF 

Two c o n t r a s t i n g  hypotheses  have been advanced r e g a r d i n g  

the response  of b a r r i e r  i s l a n d s  to a m a r i n e  t r a n s g r e s s i o n ,  and 

t h e  p o s s i b i l i t i e s  for p r e s e r v a t i o n  of  t h e  b a c k b a r r i e r  secirnent 

on t.he brier s h e l f  ( F i g .  9 ) .  T h e  most widely h e l d  h y p o t h e s i s  

i s  t h a t  of " shore face  re t rea t"  ( S w i f t ,  1 9 6 8 ;  S w i f t  and o t h e r s ,  

1 9 7 1 ;  Johnson, 1 9 1 9 ) .  Th i s  view s t a t e s  t h a t  a s  s e a  l e v e l  

rises, t h e  b a r r i e r s  mig ra t e  contiiiuous1.y landward i n  a tank-  

t r e a d  Fashion throu3h t h e  combincd e f f e c t s  oE s h o r e f a c e  

e,.uSiOi-l 2nd i . 7 - C  ..;J]., ?,-,LTc=?- L.L 02 the l&T?dT.:Cird s idC5 C,f !:he ~ ! , ? ~ l ~ ' ~ E ? - S .  

During- t h e  mig ra t ion ,  t h e  b.reak.er zone t r a v e r s e s  t h e  e n t i r e  area 

submerged. This  cont inuous  s h i f t  i n  t h e  sl iorelj-ne woul..d l e n d  

t o  cornpl.ete o r  al-rriost complete d e s t r u c t i o n  of t h e  h a c k b a r r i e r  

sed iments  exposed t o  wave reworking on t h e  shoreface. The 

coritras~tincj view, tha t  of in-placc-:: "drowningf1, st.atzs that. as  Sez 

l e v e l  rises, t h e  b a r r i e r  may ~:ern;~;i~ i n  p l ace ,  w h i l e  t h e  lagoon on i t s  

landward s i d e  deepens and widens. Even tua l ly ,  t h e  b r e a k e r  zone 

r eaches  t h e  l e v e l  of  t h e  t o p  of t h e  b a r r i e r  s u p e r s t r u c t u r e ,  

t h e  sea drowns t h e  b a r r i e r ,  a.nd t h e  breaker- zone s k i p s  landward 

t o  form n new h a r r i e r  shoxel-ine along t h e  landward edge of t h e  

forxer lagoon ( C i l b c r t ,  1 8 8 5 ;  Sanders ,  1 9 6 3 ;  Sanders a n d  Kurnar, 

1 9 7 5 :  Friedmar. a n d  Sanders ,  1 9 7 8 ) .  When the b a r r i e r s  are 

drowned i n  place! the surf zonz docs n o t  pass con t inuous ly  

across the area i n  succcssi-ve leap..;. In this way, the en t i re  
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t r a n s g r e s s i v e  scqucncc cou ld  be prese rved  l o c a l l y  on  t h e  i n n e r  

s h e l f .  

These two c o n t r a s t i n g  types  o f  b a r r i e r - i s l a n d  behav io r  

d u r i n g  a t r a n s g r e s s i o n  may be r e l a t e d  t o  t h e  b a l a n c e  between 

t h e  r a t e  of r ise  of sea l e v e l  and t h e  ra te  o f  sed iment  supp ly  

(Kraft, 1971 ;  Sanders  and Kurnar, 1975) .  

I n  t h i s  i n t e r p r e t a t i o n ,  t h e  degree  of t h e  r e t e n t i o n  of 

t h e  coas t a l - sed imen t  r e c o r d  on t h e  i n n e r  c o n t i n e n  t a l  s h e l f  

d2peiiCis upon t h e  dynairlics of s e a - l e v e l  riss. According t o  

K r & ; f L  ( 1 9 7 1 )  slow sea-level rise w o u l d  favor { ? c s t r u c t i o n  of 

t h e  record., as  t h e  h a r r i e r  i.s eroded back and t h e  t r a n s g r ~ s s i v e  

d e p o s i t s  a r e  exposed t o  wave reworkinq !3y co~i~tr;tst, rapid 

r i se  of .the sea would t e n d  to favor 1.ocal re tcn i i ion  o E  t h e  

r e c o r d f  a s  -the advancing s e a  xol-tld have less tiil1ci t o  r ework  

t h e  b a c k b a r r i e r  sediment.. However, any ffirrn of con t inuozs  sea- 

l e v e l  rise t h a t  exposes s u c h  t r a n s g r e s s i v e  t o  d e p c s i t s  i n  t h e  

surf zone would appear  l i k e l y  t o  des.troy most of  the t r a n s -  

g r e s s i v e  sequence because only a few m i n u t e s  of wa-,m a c t i o n  are re- 

qui.red t o  rework such d e p o s i t s  -, By c o n t r a s t ,  r a p i d  s e a - l e v e l  

r i se  may also cause  t h e  su r f  zone t o  jump landward, a c r o s s  t h e  

e x i s t i n g  lagoon (Sanders  and K u m . a r I  1 9 7 5 ) .  I n .  t h i s  way, much 

of t h e  transgrcssj..ve seque i~cc  coulc!  be p re se rved  on t h e  i n n e r  

s h e l f .  
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prograde ( S w i f t ,  1 9 7 5 ) .  The s a m e  would be t r u e  i f  a l a r g e  

supply o f  sand w e r e  a v a i l a b l e  f r o m  o f f s h o r e  o r  through long-  

sho re  d r i f t .  If enough sand w e r e  a v a i l a b l e  f o r  b a r r i e r  n c u r i s h -  

ment ,  such upward b u i l d i n g  could keep pace w i t h  sea-level. 

r ise .  However, cont inuous  rise i n  sea ]..eve1 would i n c r e a s e  t h e  

submarine surz 'ace area of t h e  h a r r i e r ,  and t h e r e f o r e ,  m a r e  

sand would be r e q u i r e d  t o  nour i sh  t h e  b z r r i e r  (from o f f s h o r e  

and through longshore  d r i f t )  , while the widening lagoon wou3.d 

t r a p  any f l u v i a l  sands. S h i d e l e r  and o t h e r s  ( 1 9 7 2 )  m a i n t a i n  

t h a t  when t h e  supp1.y of sand i s  n5 l o n g e r  s u f f i c i e n t  t o  keep 

pace w i t h  the r ise  i n  sea leve? , the Ixrr ier  wn\?1d simpI.:y begin 

ret:rograclinc~ by s h o r e f a c e  erosioii .  f i o w v e r I  a t  that p o i n t ,  

t h e  barrier, w i t h  its wide and 6eep lagcmn, may be s c  unskable  

t h a t  i n -p l ace  "drcwningl' wou1.d. occu r  wikh t h e  s h o r c l i n e  s k i p p i n g  

to t h e  landward margin o f  t he  lagoon. T h i s  i s  equ.i.vaJ..ent ko 

t h e  d i scon t inuous  depos j . t iona l  t r a n s g r e s s i o n  of C u r r a y  ( 1 9 6 4 )  , 
i n  which b a r r i e r s  c j row  ~ p w a . r d ,  and arc  later o i i e r s t cpped .  
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THE EFFECTS O F  PRE-HOLOCENE MORPHOLOGY 

ON THE M I G R A T I O N  AND EVOLUTION OF BARRIERS 

Emerged b a r r i e r - i s l a n d  r i d g e s  of l a t e  P l e i s t o c e n e  age  

are  common on t h e  A t l a n t i c  C o a s t a l  P l a i n  (Winker and 

Howard, 1 9 7 7 ) .  The r e su l t s  of  t h e  p r e s e n t  s t u d y  i n d i c a t e  

t h a t  an emerged P l e i s t o c e n e  b a r r i e r  r i d g e  of  p o s s i b l e  mid- 

Wisconsinan? or  l a t e  Sangamonian? age e x i s t e d  i n  sou th -cen t r a l -  

Long 1slaP.d p r i o r  t o  the P landr i an  T r a n s g r e s s i o n  (F ig .  4 ) 

(Earnpino and Sanders ,  1 9 7 7 ;  Rmipino arid Sanders ,  i n  p rep . )  . 
An i n t e r p r e t a t i o n  cf t h e  e v e n t s  t h a t  wou1.d t a k e  p l z c e  

as a migra t ing  b a r r i s r  shorcT.ine encountered  such an o l d e r  

b d r x i e r  r i d y e  i s  s h c j w n  in Figc::e 13 ~n e i t h e r  c a s e ,  

shorzfacc re t rea t ,  o r  b a r r i e r  ‘I jumping”, t h e  P l e i s t o c e n e  

h a r r i e r  ridge would t e n d  to  loca l - i zc  t h e  new b a r r i e r  shore-  

line. I n  t h e  p r o c e s s  of  shoreface  r e t r ea t  ( F i g .  1 0 A ,  B ) ,  t h e  

b a r r i e r  would i n t e r c e p t  t h e  P l e i s t o c e n e  s h o r e l i n e  and 

ctrc?uld becoinz “ w ~ : 1 ~ 1 e d ”  a g a i n s t  t h e  older r i d g e  (17.j-c.1.d and 

Duz!I?e, 1 9 7 6 ) .  T h i s  process  would t e n d  t o  fix t h e  new shore-  

l i n e  u n t i l  e i t h e r  s u f f i c i e n t  sea- lev21 r ise  took  p l a c e  t o  

o v e r t o p  t h e  b a r x i e r r  o r  contiriiious s h o r e f a c e  re  t r e a t  caused 

the s h o r e l i n e  t o  mig ra t e  pdst the o l d  h a r r i e r  r i d g e .  

I n  the p rocess  of i n -p l ace  “drowning” ( F i g .  1oC,  L)) I 

t h e  P l e i s t o c e n c  r i d g e  would zt f i r s t  f i x  t h e  landward margin 

of t h e  lagoon ( f o r  csampl2: t h 2  sou the rn  New Je r sey  c o a s t ;  

f l a l s e y  anti others, 1 9 7 7 ) .  A f t e r  the  m i g r a t i n g  b a r r i e r  has 

been drorc7ned and the s h o r e l i n e  has “jumped“ t o  the landward, 

it would n;?tSLzraI-ly jum2 j-0 the 2lc:isi O C C I I ~  b a r r i e r  r i d c p  . 
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( ;Gilber t ,  1885)  I 

b u i l t  on t o p  of t h e  o l d e r  b a r r i e r  s h o r e l i n e .  

I n  t h i s  way, tlic modern b a r r i e r  would be  

Many ' b a r r i e r s  on t h e  A t l a n t i c  Coast  of t h e  United S t a t e s  

and e l sewhcre  have been found t o  be b u i l t  on t o p  o f ,  o r  

r e s t i n g  a g a i n s t ,  o l d e r  P l e i s t o c e n e  b a r r i e r  r i d g e s ,  many o f  

which have y i e l d e d  mid-Wisconsinan r ad ioca rbon  age  d e t e r -  

mina t ions  (Hoyt and others, 1 9 6 8 ;  Pierce and Col-guhoun, 

1 9 7 0 ;  K r a f t ,  1 9 7 1 ;  O r m e ,  1973; O a k s  and F u b a r ,  1 9 7 4 ;  Mi-xon 

and P i l k e y ,  1 9 7 6 ;  Susman and Heron, 1 9 7 9 ;  F i e l d  and Duane, 

1 9 7 6 ;  Halsey and o t h e r s ,  1 9 7 7 ) .  The re fo re ,  i.t a p p e a r s  

t h a t  l a t e  PZeis tocene ha:rrFer r i dges  h.ave a c t e d  a s  n u c l e i  

t h a t  hzlped l o c a l i z e  thE: i n i i i z t i o r i  of many nodern b a r r i e r s  (Fi3- IJ-) 

Once i n i - t i a t e d ,  t h e s e  h a r r i e r s  would undergo inodif ica- 

t i a n  throi. .loiigc1iorc s 2 i t  procjradzt ion,  coas tzl s t x a i g h t e n -  

i n 2  a.nd s :  :ace r e c e s s i o n  (Pierce and Colquhccn. ,  1.970; 

S w j . f t ,  1!3*/5; F i e l d  arid Duane, 1 3 7 6 ) .  

The e v o l u t i o n  and migration of barr : ie r  i s l a n d s  w i t h  

rrC.sing sea ictrel appears t o  bi! l -argbly d..et-.ermined by: 1) the 

rate  of  r e l a t i v e  sea-level r i s e  balanced w i t h  t h e  s u p p l y  of 

a v a i l . a l l e  sediment f r o m  e ros ion  c;f t h e  main land , .  offshore 

s a n d s ,  o r  b y  longshore drift; and. 2 )  t h e  n a t u r e  o f  t h e  , 

su . r face  be ing  t r ansg res sed .  The fo1.l.owiny s e c t i o n  p r e s e n t s  

an  in t e i -p re t . a t ion  of t h e  h i s t o r y  of t h e  s o u t h e r n  Lon? I s l a n d  

b a r r i e r s  d u r i n g  t h e  past 9 , 0 0 0  y e a r s  based on t h e  ev idence  

obi;a?.ned ' i n  tlie p r e s e n t  stfidy . 
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DISCUSSION:  RECONSTRUCTED HISTORY 

OF THE BARXIERS OF SOUTHERN LONG I S L A N D  

Sanders  and K w a r  ( 1 9 7 5 )  have prcsef i ted an  i n t e r p r e -  

t a t i o n  of t h e  h i s t o z y  o f  the bar r i e r  i s l a n d s  of s o u t h e r n  

Long I s l a n d  for t h e  pas t  9 , 0 0 0  y e a r s .  The p resence  of hack- 

b a r r i e r  s e d i n e n t s  dated at between 7 , 0 0 0  and 8 , 0 0 0  YBP on 

t h e  i n n e r  s h e l f  and shc re face ,  znd i n d i c a t i o n s  of drowned 

b a r r i e r  sands  i n  seismic reco rds ,  l e d  Sanders  and Kumar t o  

i n f e r  t h a t  when sea l e v e l  s tood  a t  about - 2 4  meters MSL, 

& o G t  9 , O O C  y e a r s  ayo, a c h i n  o f  bar r i . c rs  e x i s t e d  approxi -  

mately 7 k i l o m e t e r s  o f f s h o r e  ,m.rallel t o  t h e  t - ~ e n d  of the 

modern shorel . ine (Fig- 13.a). These bar r i e r s  were similar i n  

s i z e  t o  tk .5  p resent -day  barriers. A s  t h e  sea ccntinuec! 

t o  rise, t h i s  system of bdrr iers  remslncd in p l a c e  and 

b u i l t  upward u n t i l  t h e  sea rose t o  - 1 6  meters M S L ,  a h s u t  

7 , 5 0 0  YEP. According to Sandal-s and Kun?ar ( 1 9 7 5 )  a t  --l6 

rncters MSL, when sea l eve l  had reached t h e  l e v e l  of t h e  t o p  

of tile superstructure of the - 2 4  meter h a r r i e r ,  t h e  s u r f  

z m e  " jur,ped" 5 k i l .on~eters  landward EO fomi a new s h o r e l i n e  

2 k i l o m e t e r s  offshore from t h e  modern , sho re l ine .  New 

b a r r i e r s  formed a t  t h e  -16 m e t e r  s h o r e l i n e ;  t h e s e  b a r r i e r s  

were t h e  d i r e c t  "ancest.ors" of t h e  iiiodzrn. b a r r i e r s .  

According t o  t h i s  i n t e r p r e t a t i o n ,  the barriers which formc.-d 

a t  -16 m z t e r s  about  7 ,  5 0 0  YEP 1 i a - e  I?iigrated con t inuous ly  

landward (about 2 1;ilomcters) as  the sea rose from -1.6 
meters KSL t o  i t s  p r e s e n t  level .  I n  thf i s  way, t h e  barriers 
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o f  sou the rn  Long I s l a n d  du r ing  kk-c last 9,900 y e a r s  w e r e  

i n f e r r e d  t o  have shown a h i s t o r y  of both i n p l a c e  "drowning" 

and s h o r e f a c e  r e t r e a t .  

I f  t h c  scenario of Sandc r s  and Xumar is  correct ,  t h e  

s h o r e l i n e  jumped to a p o s i t i o n  abouls. Z k i l o m e t e r s  o f f s h o r e  of 

t h e  modcril s h o r e l i n e  about  7,500 YEP. The e x t e n s i v e  p re se rva -  

t i o n  o€ b a c k b a r r i e r  sediments d i r e c t l y  o v e r l a i n  by o f f s h o r e  

marine sediments  on t h e  i n n e r  c c n t i n e n t a l  s h e l f  seaward of t h a t  

p o s i t i c n ,  encounterEd i n  many vibra.Coresp s u p p o r t s  the  idee o f  
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m o d i f i c a t i o n  of t h i s  i n f e r r e d -  h i s t o r y  of b a r r i e r  mig ra t ion .  

s tudy  also prov ides  evidence for  two impcr t an t  c o n t r o l l i n g  

f a c t o r s  i n  t h e  mig ra t ion  of b a r r i e r s :  1) morphologjc h i g h s  i n  

the P l e i s t o c e n e  s u r f a c e  being t r a n s g r e s s e d  by t h e  sea; and 2 )  

marked changes i n  t h e  ra te  of r e l a t i v e  s e a - l e v e l  r ise  and 

sediment  supply.  

The 

The presence  of b a c k b a r r i e r  sed iments  d a t e d  a t  7130 -t 380 

YBP a t  a dep th  of -16 .6  ineters MSL on the i n n e r  s h e l f  (Rampin@, 

1 9 7 3 )  (F ig .  5 )  i s  an i n d i c a t i o n  t h a t  t h e  b a r r i e r s  at -24  meters 

were n o t  drovmeci u n t - i l  s93etirne a € t e r  7 ,130  YEP.  

- 

--I 

During a pe r iod  02  re!.at ‘.vcLy r a p i d  s ea - l ev~ l .  x i s =  j u s t  

p r i o r  t o  7 , 0 0 0  YBP (Rampino, 1 9 7 9 ) ,  t h e  -24  meter b a r x i e r - i s l a n d  

chain which e x i s t c d  about ‘7 k i l o m e t e r s  o f f s h a r e  02 the p r e s e n t  

b a r r i e r s  war overstepped, and th9 shclre1.ir.e j imped I.axfh?ard. t o  

a p o s i t i o n  &out  2 kilometers offshore OF the ~ ‘ z z s e n t  shore- 

l i n e  (Sanders  and ICumar, 1975)  . The surf zone is i n f e r r e d  

t o  h2.v-e s k i p ) x l  t o  the larldwarc!. riia.rgin of the old l agocn ,  

which had bc-csme f i s e d  a t  the s t e e p  seaward f a c e  of an  emerged, 

o lder  Pleis-koccrle (mid-”Wisconsi.nan?) coastal  b a r r i e r  ( F i g .  1.2a) . 
T h i s  P l e i s tGcene  b a r r i e r  1ocal.ized t h e  ~ C W  s h o r e l i n e  and 

provided t h e  n u c l e u s  for t h e  grcwth of a ne.v\r c h a i n  of b a r r i e r s  
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b a r r i e r s  &ecame e s t a b l i s h e d  about  7, 0 0 0  YBP,  when s ea level  

s t o o d  a t  about  -15 meters MSL. 

It  is probable  t h a t  a s t i l l s t a n d ,  o r  s l i g h t  n e g a t i v e  

o s c i l l a t i o n ,  i n  re la t ive  s e a  l e v e l  a long  t h e  s o u t h e r n  Long 

I s l a n d  coast a t  abou t  7 , 0 0 0  YEP (Cal.dwel1 and Sanders ,  1973), 

w i t h  a t t e n d a n t  i n c r e a s e  i n  a v a i l a b l e  sediment  supply  from t h e  

o l d e r  ha r r i e r  s u b s t r a t e ,  allowed t h e  new b a r r i e r s  to become 

w e l l  e s t a b l i s h e d  and may have caused t h e  b a r r i e r s  t o  p rograde  

s l i g h t l y  and b u i l d  upwards (Swi f t ,  1 9 7 5 ) .  

The g e n e r a l l y  s l o w  r e l a t i v e  sea-level rise i n  s o u t h e r n  

Lon9 I s l a n d  du r ing  -the l a s t  7 , 0 0 0  y e a r s  (Iiampino, 1 9 7 9 )  and 

the aklundzilt sediment  s u p p l y  froin long'shsrc d r i  ft , f 5 . r ~ L  f::~;:~ 

t h . e  P l e i s  toceze b a r r i e r  complex and s u b s e q z e n t l y  from the 

P l e i s t o c e n e  outwash sands of sou-khe&stern Lorig Isl-art$-, favsi:c+.d 

t h e  upward growth of t h e  h a r r i e r s .  Landwarci s h o r e f a c e  retreat 

w i t h  t.he r i s i n g  sea l e v e l  has been occurr i i lg  for abut the 

l a s t  5 , 0 0 0  t o  6 , 0 0 0  y e a r s .  T h i s  modern b a r r i e r  mi<ji-atiori by. 

e ros io i i a l  re t rsat  of t h e  shore face  and r e l a t e d  s t o r n  Wr7ShOTTei  

i s  presently taking place a t  a n  average  02 6 3  c:n/year on 

the southern,  Long Island c o a s t  (Shepard m d  Wanlesc, 1971). 

T o t a l  b a r r i e r  'retreat dur inc ;  the l a s t  5 , O C O  t o  6 , 0 0 0  years h a s  

been i n  t h e  order  t o  2 kilomet.ers,  based on t h e  s u b s u r f a c e  

position of the Pleistocene b a r r i e r - f i x e d  s h o r e l i n e  of 7,COO Y R P  

(F ig .  1 .3 ) .  T h i s  i n d i c a t e s  t h a t  rates of b a r r i e r  c ros i .ona l  

rel:.:reat i n  southern LQng Is land.  d.i!rj.ng the last  6 I 000  y c a r s  were 
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on average about  30 cm/year, h a l f  t h e  p r e s e n t  ra te  of re t rea t .  

I n  t h i s  way, d u r i n g  t h e  p a s t  9 , 0 0 0  y e a r s ,  t h e  b a r r i e r  

i s l a n d s  of sou the rn  Long I s l a n d  are i n f e r r e d  as  having 

shown a h i s t o r y  of bot:: in -p lace  "drowning" and con t inuous  

s h o r e f a c e  re t reat .  

sea l e v e l  and t r a n s g r e s s i o n  appea r s  t o  depend s t r o n g l y  on 

the  r a t e  02 r e l a t i v e  sea-level r i se  ba lanced  w i t h  t h e  

supp ly  o f  sediment from va r ious  sou rces  a v a i l a b l e  t o  n o u r i s h  

t h e  b a r r i e r s ,  and on the presence of  morphologic h i g h s ,  

most no tab ly  o lde r ,  emergent P l e i s t o c e n e  b a r r i e r  shorel..ines, 

on t h e  s u r f i c e  being traiisyressed. 

The behavior of t h e  h a r r i e r s  w i t h  r i s i n g  

Rapid sen - l eve l  r i s e  and low sand su-pply  seem t o  fzvor 

t h e  ove r s t epp inq  of t h e  b a r r i e r s  by >he seh!  whereas slew 

s e a - l e v e l  rise and a g r e a t e r  supply of sands  appear  to 

favor c o n t i n u o v s  shc rc facc  r e t r z a t ,  However if t h e  submer- 

qence is very  slow, or i f  s t i l l s t a n d s  t a k e  p l a c e ,  and/or  

sed.iTi:ic:l..i.t su,pply i s  ve ry  Treat, s t a t i g n a r y  b a r r i e r  up?SGilZing 

ar,d pcrhaps preqrada.t:i.on may take p l z c e .  The presence  of 

morpliolcgic h i g h s  on k h e  p re - - t r znsg res s ion  s u r f a c e  t e n d s  

t o  l o c a l i z e  khz migr -" .  ci L-irlg b a r r i e r  s h o r c l l n c  du r ing  bo L h  

continuo.cis sho re face  r e t r e a t ,  and s h o r e l i n e  "jumping". 

The tendency for b a r r i e r s  t o  develop a d j a c e n t  t o ,  o r  

on top o f ,  older barrier r i d g e s  cou ld  produ.ce ve r t i ca l  se- 

qucr,ces i n  whi.ch seve:r;il geners . t ions  of b a r r i e r  complexes 

0-j.erl.itl each o"iIic>r. 

intei-piretat5.sr- and d;iti.ny of  the b~rrier- and  backbarr : ;  

sequcr:cc?s I I t  indic&t;?s .[:hat d.etal.!_cd subsui-f:!.ce sainp.i.i 

T l i i s  wou1.d q r e ? . t l y  compl i ca t e  the 
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a and c a r e f u l  d a t i n g  are r e q u i r c d ’ t o  r e c c n s t r u c t  t h e  h i s -  

t o r y  of m u l t i p l e  h a r r i e r s  which have been superimposed upon 

one ano the r  a s  t h e  b a r r i e r s  migra ted  w i t h  the many t r ans -  

gressions and regrec,si.ons of the P l e i s t o c e n e  sea. 
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CONCLUSIONS 

The q u e s t i o n s  of b a r r i e r - i s l a n d  o r i g i n  i n  s o u t h e r n  Long 

I s l a n d ,  New Uork, and t h e  behavior of b a r r i e r s  du r ing  t r a n s -  

e g r e s s i o n  have been addressed  us ing  d a t a  on t h e  submergence 

h i s t o r y .  and t r z n s g r e s s i v e  s t r a t i g r a p h i c  p a t t e r n  of sout :$ern 

Long I s l a n d ,  t h e  s t r a t i g r a p h i c  r e l a t i o n s h i p s  of  t h e  Holocene 

sed iments  und.erlying t h e  i n n e r  s h e l f ,  and t h e  morphol-oqy of 

t h e  Upper P l e i s t o c e n e  d e p o s i t s .  About 9 , 0 0 0  years  ago, when 

t h e  sea s tgod  a t  -24m MSL, a chain of b a r r i e r  i s l a n d s  e x i s t e d  

011 t h e  p r e s e n t  s h e l f  abou t  7 km o f f s h o r e  of the present 

ljtirriers (Sanders  nnc? Kwnzr,  1 9 7 5 )  . The -24  me-ter barj:r;.ers 

b.ui3.t upward wi-i:h the co r , t i nued  sea-level rise u n t i l  the sea 

reached about -1.5 meters MSL,  j u s t  p r i o r  t o  7 , 0 0 0  YRP. The 

b a r r i e r s  were then  overste2ped by the r a p i d l y  r i s l r i g  sea, and 

t h e  s u r f  z o r ~ e  skipped landward t o  a p o s i t i o n  abou t  2 k i l o m e t e r s  

offshore of the F r e s e n t  s h o r e l i n e .  I n  this way, bacP,.barrier 

depos i . ~ s  w e r e  cxtcnsiveLy preserved on t h e  i n n e r  contiacntal 

s h e l f .  The s u r f  z o n e  skip?ped t o  .the 1andwz.rd margirl of the 

o l d  layoori, which had become f i x e d  a t  t h e  steep shorewdrd f a c e  

0 2  ail enwrged coastal b a r r i e r  of  p o s s i b l e  mid-Wisconsinan a g e .  

The b a r z i e r  of l a t e  P le i s tocene  age localized the 

new s h s r e l i ~ e  and a c t e d  2s a core of growkh f o r  a new c h a i n  

of b a r r i e r s .  The new barriers developed both by de-ka.chmc?nl of 

t h e  o l d  har r ie r  supzrstr i ic ture  and its s p i t s  procjradiny coast- 

wise froin headlards of tile oldei: bari:i-?r d e p o s i t s .  
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An i n f e r r e 6  s t i l l s t a n d  o r  n e g a t i v e  f l u c t u a t i o n  i n  sea- 

leve l  rise a t  about  7 , 0 0 0  YBP, and a marked s lowing  i n  the 

submergence rate t h e r e a f t e r ,  coupled w i t h  i n c r e a s e d  sediment  

supply  from t h e  P l e i s t o c e n e  b a r r i e r  and g l a c i a l  Gutwash de- 

p o s i t s  through longshore  dr iFt ,  a l lowed t h e : !  nex b a r r i e r s  t.o 

grow upward w i t h  t h e  r i s i n g  sea, 

For t h e  p a s t  5 , 0 0 0  t o  6 , 0 0 0  y e a r s ,  t h e  s h o r e f a c e  has been 

r e t r e a t i n g .  During t h i s  t i n e ,  t h e  modern barriers have re- 

treaf-ed about 2 k i lome te r s .  The r a t e s  o f  b a r r i e r - e r o s i o n a l  

r e t r e a t  i n  southern  Long I s l a n d  d u r i n g  t h e  l as t  6 .  0 0 0  years have 

averaged ~ 3 0  cmjyearp about h a l f  t h e  p r e s e n t  .rate. 111 t.!ii.s way,. 

d.uring the p a s t  9 ,  0 0 9  years I the S a r r i n r  i>:13.nrdr: cf souL3crn 

Lorig Is.laric3 have ur,;lsrqorie b ~ t h  i n , . p l a c z  ' ' ~ ~ c Y . T ~  --!,.j '' x i d  cc~.it..ina.-- 

ous sho re face  r e t r e a t  

that rap id  s e a - l e v e l  rise and low sand supspl.:r S Q Y ~  to .Favor t i l e  

over s t epg ing  of b a r r i e r s  1:)y the r j . s lng  szat ~ h ~ ~ r ~ ~ ~ ~ - ~ ~  -UJ r;Low ra:t2..s 

of  submcryence and  3. greater supp3-y 0 2  sc:nc?. f ~ ? ~ i c r i  cc)rit,iiiu~>>s 

s h o r c f a c c  r e t r c a k .  S t a t i o n a r y  upbuj- lc l ing of  h a - r r i c r s  CT progra-  

d a t i o n  may occur  a t  t i m e s  dur ing Whi.c!h suhmerqcnce i.s slowed or 

r eve r sed ,  and/or when t h e  supply of sznd frc.m ionyslhore 6.rif t 

and other sources is par t ic i l l -a r ly  grea t .  MorJJho3.og.ic h i y h s  01-1 

t h e  p r e - t r a n s g r e s s i o n  surface (such as  eineryec? h a r r i e r s )  t e r d  t o  

f i x  t h e  mig ra t ing  b a r r i e r  s h o r e l i n e  d u r i - n c ~  eitiher shore face 

retrea:; or b a r r i e r  'I  junpinc;" . Z r t r r i c r  isl.ands ?en< t o  C~cvel:lo)? 

a d j a c n n t  to, or on t o p  of, cr_:le 01 o l . d e ~  ~ & L : c : E ~  r~.r-;gt?:: _. 
. _ 1  



Rampino - 28 

This  would produce 

complexes, and i n d  

v e r t i c a l  sequences 

c a t e s  t h a t  p rope r  

cf Irrult iple b a r r i e r  

inders tanding  of such  

multiple b a r r i e r s  r e q u i r e s  d e t a i l e d  s u b s u r f a c e  sampling 

arid c a r e f u l  d a t i n g  procedures .: 
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F I G U R E  CAPTIONS 

Fig .  1. Locatj-on m a p  of s tudy  a r e a  i n  s o u t h - c e n t r a l  Long 

Island. F i g u r e  shows tlie l o c a t i o n s  of p r i n c i p a l  

bo r ings  used i n  t h i s  skudy and t h e  l c c a t i o n  of 

schematic i n t e r p r e t i v e  prof  i l c s  and see ti-onn 

A - A' and B - B l .  

shown by *. 
Radiocarbon dated cores are 

F ig .  2 .  Schcmatic- i .nterprct ive section A to A1 through 

CeSzr Beec:h b c r i e r  i s l a r d ,  
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(open c i r c l e s ) ,  The dashed and dotted! c u r v e  i n d i -  

cates  p o s s i h l e  submergence ra tes  of %50 cm/100  

y e a r s  p r i o r  t o  7 , 0 0 0  YBP sugges ted  f o r  adjclcent 

areas (Sanders  and Kurnar ,  1 9 7 5 ) .  A n  assu.nptio1-i 

of r e l a t i v e l y  smooth change i n  sea level has been 

made i n  ce i i s t ruc t ing -  t h e s e  cu rves .  

F ig .  6 .  Schematic i n t e r p r e t a t i o n  of a t y p i c a l  t r a n s g r e s s i v e  

sequence i n  t h e  b a c k b a r r i e r  area of s o u t h - c e n t r a l  

Long I s l a n d .  

F i g .  7. Locakion map of v i b r z c o r e s  froz, the i n n e r  shelf 

and s h o r e f a s e  of southern Long Islard used i n  

t h i s  s t u d y .  Vibracorcs  ci)r cai 11 i I?? i n f e r r c d  back- 

ba r r i e r  sed.irnents are shown by *. 

Fig .  8. Genera l ized  s e c t i o n  of Holocene d e p o s i t s  ~ n ~ z o u i > t ~ r c d  

i n  v i b r a c o r e s .  

re t rea t  d u r i n g  a r i s z  of sea level ( l e v e l  1. t o  

l e v e l  2 )  LaiIdward-~ctrcatiil~ b a r r i e r s  override 

t h e  lagoonal  sediments (I-IT = hl.gh t i d e ;  LT' = low 

t i d e ;  figure n o t  drawl t o  s c a l e ) .  ModiTicJt ions 

t o  t h i s  concept  have been sugrjested by Fiscl ier  
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shoreface retreat: b a r r i e r - l a g o o n  t o  bar r ie r -  

marsh, and h y p o t h e t i c a i l y  t o  b a r r i c r - a g a i n s t -  

mainland. I n  e i t h e r  case, t h e  f o r n e r  l a g o o n a l  

sed ixen- t s  would be "exhimed" on the seaward s i d e  

of the barrier 

C and D, G i l b e r t ' s  concept  of b a r r i a r  drowning 

" i n  p lace ' '  du r ing  a r ise of sea l e v e l  ( leve ls  

1 thr-c-ugh 3 ) .  

t o  SL2, t h e  harriers rcrnain i n  p l a c e  and a 

I' t .;- ,ansgression" t a k e s  place on the 1.2ndward s i d e  

o:€ the lac~ooii whereas a "regression" talccs place 

AS 011 the ~eawal:u s l u e  ilie la------ YULJll  ( F i g .  l i 3 , C j  . 
the sea l e v e l  zises furthcr (Fig. 18D), t h e  

b a r r i c r s  are  ''clrowizcd" i n  pluce, and- a new b z r r i c r  

ma.y be esta.blis .hed a t  SL3 (Figui-c not drawn to 

scale) ( a f t e r  Sanders a ~ d  Kurr.ar, 1 9 7 5 ) .  

A s  the seA l e v e l  r ises from SLl 

7 

the i n i g r a t i o n  of barriers. 
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u n t i l  e i t h e r  s u f f i c i e n t  s e a - l e v e l  r ise  o c c u r s  t o  

overtop t h e  PLeis toce~e b a r r i e r  r i d g e ,  o r  con- 

t i n u o u s  shoreface re t rea t  e q u i v a l e n t  t o  t h e  wid th  

of t h e  P l e i s t o c e n e  h a r r i e r  OCCUT'S. 

C and D.  Behavior of b a r r i e r s  d u r i n g  in -p lace  

"drawing" wi th  s2a- leve l  rise. A s  the sea rl.;cs 

f r o m  sea l e v e l  1 to sea level 2 ,  t h e  b a r r i e r  (I) 

i s  drowned and t h e  s u r f  zone s k i p s  landward t o  t h e  

margin OK t h e  former lagoon. T h i s  landward lagoon 

margin has been f i x e d  a t  t h e  seaward s lope  of a n  

older Pieistoccric l~a r r i e r  r i d y e  ( P )  . \?i'ih con- 

'iinuei2 sen-le-,-el rise t o  :-ca Level 3 ,  the ne\: 

b z r r i e r  (11) bci . I -2~  u p x r d  and rctrcsts lanciward. 

Fig. 11. A .  Pox cion of the Virginia-J5or-i-h C a r o l i n a  C o ; ! : ; t  

r i d g e s  (after Swift e t  al., 1971) . 
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F ig .  12a. Recons t ruc t ion  of t h e  sou the rn  Long I s l a n d  c o a s t  

j u s t  p r i o r  t o  7 , 0 0 0  YBP. Loca t ions  and t r e n d s  

of the 7000  YBP b a r r i e r  i s l a n d s  and t h e  i n f e r r e d  

mid-Wisconsinan ? b a r r i e r s  are schemat ic .  

12b. Recons t ruc t ion  of t h e  sou the rn  Long I s l a n d  c o a s t  

a t  ahout 6 , 0 0 0  YBP. Loca t ion  and t r e n d s  of t h e  

b a r r i e r s  and s h o r e l i n e s  are schemat ic .  D o L t c d  

l i n e s  show t h e  p o s i t i o n  of t h e  modern b a r r i e r s  

and lagoonal. shoreline. 

F i g .  l3a. P o s i  i-ioil of lxixrier isl;.;ids 011 the southexi?  Long 

I s l a n d  coasls a t  about G,0@0 YBP. Rels - t jve  sea 

leve l  was L+: abo;.:t-, -1.2 meters MSL a t  t ha t  tjme. 

The P l e i s t o c c n e  b a r r i e r  r i d g e  ( " A "  i n d i c a t e s  the 

p o s i t i o n  of the '*toe" 9.f tlie P l e i s t o c e n e  b a r r i e r )  

f i x e d  the  p o s i t i o n  of t h e  new b x r i e r  d u r i n g  a 

b a r r i e r  I ' j a r n p "  a t  a13'3Et 7 , 0 0 0  Y9P. Sub:;e!]:l*?nt 

S1fip:jng of yc Lative scz.--Ic.Jel r i s c  a l l  OWCC: the 

b a r r i e r s  t o  h i l d  iipward and s e a s a r d .  

133. S ~ h e ~ i ~ a t i ~ c d  p r o f i l e  and s e c t i o n  of t h e  modern 

b a r r i e r  i s l a n d  of s c u t h - e z n t r a l  Long I s l a n d  

The bar r i e r  has retreat-ed approximately 2 k i l o -  

me te r s ,  froin positioii A t.0 posi:tion E, by 

coni:inu.ous shoref ac:e re t rea t  du r ing  the last 

5 , 0 0 0  to G f Q C r 3  years. 
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